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ABSTRACT 

Rations containing varying levels of low glucosin- 
Olate rapeseed meal (produced from Tower rapeseed) and 
high glucosinolate commercial rapeseed meal (produced from 
a mixture of Midas and Torch rapeseed) were fed to Shaver 
Starcross 288 laying chickens in order to determine the 
maximum levels at which these meals could be fed to laying 
hens without any adverse effects. The parameters studied 
included level of mortality, body weight, egg production, 
egg weight, egg quality, feed conversion, thyroid, spleen 
and liver weights, liver composition and incidence of 
fatty and hemorrhagic livers. 

An experiment was also conducted to study the effects 
of varying levels of low glucosinolate rapeseed meals 
on performance of broilers. Meals from two varieties of 
rapeseed (Tower and Candle) were used in the study. Re- 
cords were kept on level of mortality, growth, feed con- 
version, incidence of perosis and thyroid weight. 

The use of rations for layers containing up to 15% of 
Tower RSM had no adverse effects on the traits studied 
other than causing a slight increase in the weight of the 
thyroid glands. The latter was considered unimportant 
since productive traits were not affected adversely. 
However, feeding rations containing 10 or 15% of high 
glucosinolate RSM to layers produced marked depressions 


in egg production, reduced egg Haugh unit values and 
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depressed final body weight. Thyroid weights were also 
markedly increased by feeding rations containing these 
levels of high glucosinolate meal. 

The inclusion of 10, 20 and 30% of Tower or Candle 
RSM in rations for broilers had no adverse effects on 
mortality, body weight, feed conversion or incidence of 
perosis in broiler chicken at 4, 6 and 8 weeks of age. 
Thyroid size was also not unduly affected by any of the 


treatments. 


The results of the studies suggest that up to 15% of 


low glucosinolate type RSM (produced from Tower rapeseed) 
may be safely included in the ration of laying hens and 


tha tap atom. 0SmO flow glucosinolate type RSM (produced 


from Tower or Candle rapeseeds) may be safely included in 


the ration of broiler chickens. Such levels of inclusion 


of high glucosinolate type RSM in rations for layers and 


broilers have been shown in this and many other studies 


to adversely affect productive traits and to cause greatly 


increased thyroid size. 
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INTRODUCTION 

Production of rapeseed in Western Canada has increased 
rapidly during the last twenty-five years. As a conse- 
quence of the expansion in acreage sown to rapeseed, Canada 
has become the world's largest exporter of this oil-rich 
seed. In addition, the availability of a large supply of 
rapeseed in Canada has made possible the development of 
an oilseed processing industry based primarily on rape- 
seed. The latter has proven important to Canada since it 
has made possible supplying about 30% of Canada's edible 
oil requirements from rapeseed oil and made available a 
large supply of protein-rich rapeseed meal (RSM) for feeding 
to livestock and poultry. 

Early research on the use of Canadian-type RSM in 
rations for livestock and poultry showed that one of the 
main drawbacks to inclusion of high levels of this feed- 
stuff in such rations was its relatively high glucosinolate 
content. This, coupled with the low metabolizable energy 
and low protein contents of RSM severely limited the levels 
at which the meal could be included in rations for live- 
stock and poultry without adversely affecting the productive 
traits of the various kinds of livestock and poultry. 

In an effort to improve the feeding value of RSM, 
plant breeders undertook development of varieties of 
rapeseed with low glucosinolate levels and high levels of 


oil and protein. As a result of the work of Canadian 
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plant breeders, two varieties of rapeseed have been devel- 
oped which are low in glucosinolate content; one of which 
is also high in oil and protein contents; the other, high 
in oil content but with no improvement in protein content. 
These varieties are, respectively, called Tower and Candle. 
It was speculated that moderately high levels of RSM 
produced from these two varieties could be used in rations 
for laying chickens and broiler chickens. The experiments 
reported herein were designed to determine whether levels 
of low glucosinolate type RSM in excess of those currently 
recommended for usage of high glucosinolate type RSM in 
rations for layers and broilers may be used without pro- 


ducing adverse effects on productive traits. 


LITERATURE REVIEW 

A. Nutrient Content of Rapeseed Meal 

1. Protein and amino acids 

In early work on the use of RSM in rations for poultry, 
Clandinin et al. (1959) reported that inclusion of commercial 
RSM as a replacement for soybean meal (SBM) in rations for 
growing birds depressed growth rate and reduced feed efficiency. 
The inferior performance noted appeared to be related to the 
effects of high temperatures employed during expeller processing 
The lysine content of the expeller meals was reduced by 
more than 25% as compared to meals subjected to less 
drastic heat treatment. In further studies Clandinin and 


Tajcnar (1961) found that in the expeller process only 
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sufficient heat should be applied in cooking and condi- 
rTOnINGmEO MDE GecOuctd OnsOlLmOol  ecOntentsor the meal to 
about 6% if damage to protein quality as measured by lysine 
content was to be avoided. Kratzer et al. (1954) and 
Rvaaneetealee |! 956) enoted that when expeller processed RSM 
was included in chick starter diets, lysine could be 
limiting. Clandinin (1967) compared RSM produced by the 
prepress solvent or solvent methods of oil extraction 

with that produced by expeller extraction and found a 
marked improvement in the lysine content of the RSM in the 
prepress and solvent processed RSMs as compared to 
expeller processed RSMs. Processors in Canada today have 
converted from expeller processing to prepress solvent or 
solvent methods of processing to obtain maximum oil yield 
with minimum risk of heat damage to the protein of the 
byproduct (Clandinin, 1966). 

Clandinin and Bayley (1963) studied the effects of 
variety and growing conditions on the protein and amino 
acid composition of rapeseed. They observed that Polish 
rapeseed (Brassica campestris) had significantly lower 
levels of protein than Argentine rapeseed (Brassica napus). 
The Argentine types of rapeseed were significantly lower 
in lysine than the Polish types. They also found that the 
environment under which the rapeseed was grown had highly 
significant effects on the lysine, histidine, arginine, 


phenylalanine and leucine contents of the protein of the 
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seed. Bell and Jeffers (1976) studied the range in 

quality of RSM being merchandised to the Canadian feed 
trade. They found that the protein content of RSM averaged 
35.5% and 36.9% for the B. napus and B. campestris RSMs 
respectively. 

SUuMmessectealmea@so a) enepOntLeda that failure of amino 
acid and energy supplementation of RSM diets to improve 
performance of hens could be due to an imbalance of amino 
acids in the protein of RSM. An improvement in performance 
Of Ghickens fed diets containing autoclaved RSM supple- 
mented with arginine and no response to lysine supple- 
mentation was recorded by Olomu et al. (1974) suggesting 
that arginine was the first limiting amino acid in heat ~ 
damaged RSM. Leslie and Summers (1975) concluded that the 
amino acid arginine was limiting in RSM diets and hence 
caused an amino acid imbalance which was responsible for 
the poor performance of the birds. 

Information on the availability of amino acids in RSM 
is limited and only a few studies have been reported. Tao 
Cupa lees (L971) Fusing digestibility trials as a means of 
testing availability of amino acids in RSM, found that 
the digestibility coefficients of 16 amino acids in RSM 
ranged from 44 to 72% and 63 to 80% for the apparent and 
true digestibility coefficients, respectively. Nwokolo 
Cupals (1976) reported that the availability of amino acids 
in RSM varied from 89.4% to 95.9% with an average value of 


91.9% with the exception of methionine which was only 78.4% 
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available. The essential amino acids showed relatively 
high availability although most were significantly lower 
than in SBM. 

2. Minerals 

Giovannetti and Bell (1971) investigated the chemical 
composition of samples of B. campestris and B. napus RSMs 
from various parts of Canada. They noted a considerable 
range in the mineral contents of the various meals. They 
reported an average ash value of 8% and concluded that 
variation in mineral content was influenced by the mineral 
content of the soils in which the rapeseed was grown. They 
also found that the type of processing the meals had under- 
gone had no significant effect on the mineral content of 
the meals. Bragg (1974) also reported similar variations 
in the mineral content among different RSMs. 

The minerals in RSM are chiefly potassium, calcium, 
magnesium and phosphorus. They remain in the meal after 
extraction OLethenorls(Persmarkil9/2)- = Glandinineecteals 
(1972 a) compared the levels of minerals in RSM with those 
in SBM. The values listed showed that RSM contained 
approximately twice as much phosphorus and almost 8 times 
as much selenium as in SBM. RSM was also a better source 
of zinc and magnesium and contained less potassium than 
SBM. Bragg (1974) observed that RSM was a particularly good 
source of biologically available selenium. 

Motzok (1974) reported values ranging from 1.10 to 1.283 
as total phosphorus content of RSMs from different strains of 


Span var. rapeseed. He also found the phytin phosphorus in 
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the same samples to vary from 0.42% to 0.78% i.e. about 
DAM COMMS OCs Coes totale phosphorus, present. 

Clandinin and Heard (1968) reported that RSM con- 
tained about 3% tannins. Since tannins have been found 
to form complexes with metal ions (Jurd and Giessman, 1956), 
inv eromstudl1es sweresconducteds (sethueteal. 71975), to 
determine the zinc binding capacity of RSM, RSM fractions 
and of RSM from which the more soluble tannins had been 
removed. It was noted that RSM had a greater zinc binding 
Capacity than SBM which was probably due to the tannin 
ConcenLeorecOmemsunicentiuried factor(s) SinGgRSMae Poor 
avetlabwlityeosezinceELomedietsmecontaining rapeseed protein 
concentrate when fed to young rats waS the major factor 
limiting growth and development (Momcilovic and Shah, 1976). 
Motzok (1976) recorded that additional zinc is required 
with RSM for maximum growth. 

In the most recent analysis of the mineral content 
GOfes me Callpesthi secaruiledvou ta by Finlayson (1977) an ash 
content of 4.5% to 6% was reported. It was suggested that 
the mineral content of the seed depends to a certain 
extent on the mineral elements present in the soil in which 
thesplant® grows. On soils of low caicium the level of 
calcium in the plant would be reduced. Plants grown on 
low sulfur soil had reduced glucosinolate and methionine 
concentration. 

Jem Vitamins 

edt erie © tree ctor (1956) reported that RSM contained about 


3 times as much choline and approximately 10 times as much 
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niacin as SBM and suggested that the relatively high niacin 
content of the RSM was no doubt related to its high crude 
fibre content. Josefsson (1972) found that although the 
niacin content was higher in RSM when compared to SBM, the 
pantothenic acid, riboflavin and thiamine contents were 
Similar. 

4. Energy 

Studies on the metabolizable energy (ME) value of 
RSM have been carried out by Sibbald and Slinger (1963) 
who reported that for chicks the "corrected' ME of solvent 
extracted RSM was about 1530 kcal/kg on an air-dry basis. 
Apitcherumyalucmortm2 | 20mKCaly KgmLOrethes. corrected ss MESoL 
RSM on an air-dry basis was reported by Sell (1966). 

modiieetecdl.s (L969a)m conductedsa study to determine 
the ME value of RSM for chicks and hens and as to whether 
or not the ME value of RSM was affected by the length of 
time the birds had received RSM prior to the time at which 
the ME determinations were made. It was found that the 
abijity of chicks to utilize RSM increased with age- It 
was also observed that the ME content of RSM for chicks 
4 weeks of age and for hens increased when the measurement 
was made after the birds had been fed rations containing 
RSM for 26 and 19 days respectively. This length of time 
on rations containing RSM probably allowed compensatory 
changes in the thyroid glands of the chickens to occur and 


a return to normal output of the thyroid hormone. 
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The major factors reported to contribute to the low 
ME value of RSM when compared to SBM were the lower protein 
content, lower digestibility of protein, higher fibre 
content and lesser availability of carbohydrates in RSM 
(Bodhageteals,1969b)F | Rao’ and Clandinin (1972)) confirmed 
that low protein content, low absorbability of nitrogen 
and low availability of carbohydrates in RSM were respon- 
Sible for its low ME value. The presence of goitrin in 
RSM however was not found to affect the ME 
value of RSM (Lodhi Cte ly U;seracmands Glandinin,~ 1970): 

Clandinin et al. (1972a) recommended an ME value of 
i SOORKeaWAKGum(as-ted)m Lon RoMerOrnepoultry. § However mecent 
values reported would suggest that an ME value of at least 
1900 kcal/kg (as-fed) should be assigned when calculating 
ME values of the new low glucosSinolate varieties in rations 
Ore jeoulilinreye (Ce lkereyslamesle ee vb IRF he 

Seth and Clandinin (1973a) separated RSM into two 
fractions, one of low hull and high protein and the other 
of high hull and low protein contents. The low hull 
fraction was found to contain 25% more and the high hull 
fraction about 25% less ME than the whole RSM. This 
supports the work of Lodhi et al. (1969b) who mentioned 
previously that low ME value of RSM were probably due to 


high fibre contents in the meal. 
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B. Use of Rapeseed Meal in Rations for Layers 
1. Level of usage 


Fangauf and Haensel (1938) recommended that not more 
than 10% RSM be used in diets for layers while Frolich 
C952) aoe that fairly low. levels of RSM in the diets of 
hens caused a decrease in the laying performance. 

Jackson (1969) conducted an experiment to investigate 
and compare the effects of including RSM up to a level of 
20% in the diets of two modern hydrid strains of caged 
laying hens. A marked breed difference in level of mort— 
ality was observed in the two strains of pullets that were 
fed RSM containing diets. The medium-weight hybrid birds 
were more tolerant to RSM than the light-weight Hyline 
birds. He found that satisfactory egg production with no 
increased mortality was obtained with up to 16% RSM in the 
diet of the medium-weight hybrid strain of birds while a 
marked decrease in egg production occurred when 8% RSM was 
included in the diet of the Hyline layers. In a further 
Sfudvyavackson  (1970)mtestedsthe level of Algerian and 
French RSM which could be included in laying rations and 
found that 8 and 6.9% respectively in the diet gave satis- 
factory egg production. 

Canadian nutritionists recommended a 5% level of high 
glucosinolate Canadian-type RSM for layers, higher levels 
were found to cause increased mortality, reduced egg 


production and reduced egg size (Clandinin et al., 1972b). 
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Marangos and Hill (1976) studied the effects of RSM 
(from) B. napus and B. campestris rapeseed) and mustard seed 
meal (from Brassica juncea mustard seed) in laying rations 
at the level of 12%. They concluded that B. napus type 
RSM should not be used in layers' diet while Beecalipest ras 
and B. juncea type meal did not appear to have any detri- 
mental effects on performance. Clandinin Sle cubs [Uueeisy) 
have reported that low glucosinolate type RSM from B. napus 
Vee wLowe cE lave Deminc Ludcdminmtayingarations at the Log 
level of inclusion without adversely affecting productive 
traits. Comparison of feeding rations containing high 
glucosinolate RSM and low glucosinolate RSM to layers 
(Smith and Campbell, 1976) revealed that high glucosino- 
late RSM depressed egg production more than the low gluco- 
Sinolate RSM. 

2. Problems associated with usage of Rapeseed meal 
i. Goitrogenicity 

Marked enlargement of the thyroids of rats fed diets 
containing 45% of seeds of the Brassica family was reported 
DY eS CUne Oye eEUL. CSaa cl 748) tamer C it Gee cmd laa lo. 4) mand 
Turner (1946) were the first to point out that the feeding 
of RSM and rapeseed respectively to chickens caused en- 
larged thyroids and depressed growth. Later Turner (1948) 
showed that the goitrogenic agent present in rapeseed was 
contained in the rapeseed oil cake meal rather than in the 


rapeseed oil. Clandinin and Bayley (1960) showed that in 
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laying hens fed RSM the glands exhibited enlargement due 
to increased number of follicles. The central portion 
of the glands eventually became distorted, filled with 
cells and a reduced colloid content was noted. 

Goitrogenic substances which are biologically inactive 
occur in the seed of Brassica species in the form of thio- 
glucosides which upon hydrolysis by the 
enzyme myrosSinase yields 2-hydroxy-3-butenyl isothio- 
Gyeqatems(GbeCh moo, aviiatanen,as960,. Vath EtEen ict al., 
(HOG tae tawase nOtedmm( Konaer,) 1960)* 5 that this 
compound is unstable and cyclizes to the antithyroid 
substance, (-)-5-vinyl-2-oxazolidinethione (OZT). Van 
BeLen@ete aime lo OO)mand Rutkowski (1971) reported that 
in addition /jto the above other isothiocyanates and 
nitriles are also produced. The relative amounts 
of the products liberated by myrosinase vary depending upon 
GicEpinO tm Lhicenyvanrolysisemedi ums (Daxenbichlersetualey, 1966)T 
Until low glucosinolate RSMs were developed, two general 
types of rapeseed were being produced in Canada, B. napus 
(Argentine rape) and B. campestris (Polish rape). The 
latter has been reported to have less glucosinolates than 
the former and hence less goitrogenicity (Renner et al., 
POSS yak Watneeky ale L956; Clana ian ee taaliee, eo 2) 

Clandininge teal 6 6) studied the effect of feeding 
Syiciecl CcacOLLiin ja(OZ)F, mOnmLUnceuptakerand releasersoL 


radioactive iodine from the thyroid glands. It was 
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Gbserved that inclusion of goitrin resulted initially 

in suppression of iodine uptake by the glands and reduced 
secretion of thyroxine. Continued feeding of goitrin 
resulted in compensatory changes occurring in the thyroid 
glands and a return to normal thyroxine secretion. 

The isothiocyanate (ITC) and OZT liberated by myro- 
Sinase from their parent thioglucoside in RSM, are known 
to act differently on the thyroid gland at the cellular 
eve Mm Gece | ye O4 imei LangOsmandaHid 1 0( 1975) 
reported OZT to be a much stronger goitrogen than ITC and 
thererore Be anapus  ROMiwas) considered to be more goitro— 
genic. than B. campestris RSM. 

The mechanism of action of OZT on the thyroid gland 
is not completely understood. However, it is known that 
OZT blocks the irreversible mechanism connected with the 
organic binding of iodine in the thyroid gland and thus 
a partial suppression of thyroxine synthesis follows 
(Rutkowski, 9/71) eeClandinin et val- = (1966) eshowed = that 
iniitiallyehighslevels sof OZTein the dietssoOm chickens 
resulted in depressed growth rate and thyroid enlargement 
and decreased uptake of radioactive iodine. However, 
after some time, the uptake of radioactive iodine became 
normal showing that the chicks had eventually reached a 
physiological equilibrium at increased thyroid to body weight 
ratios. Similar observations were made by Akiba and 


Matsumoto (1973). Roos and Clandinin (1975) observed that 
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there were enlarged thyroids in chicks hatched from eggs 
laid by breeding hens fed diets containing RSM because 
the smaller amounts of iodine transferred to the egg did 
not permit the thyroid glands of the chicks to develop 
normally during the incubation period. Further studies 


Jef) 


on transfer of TT tovwegg. (Goh and Clandinin, 1977) in- 


dicated that the amount of Bey, transferred to egg yolk 
was Significantly reduced by the inclusion of high gluco- 
Sinolate RSM in the laying rations. The reduction in 
iodine content in egg yolk was less severe when low gluco- 
Sinolate RSM was included in the diet. 
iter Snyecggs 

Recently in Britain many egg producers received com- 
plaints concerning an ERR "fishy' odor in some of their 
brown shelled eggs (Miller et al., 1972). This odor was 
associated with RSM which was included in the laying 
rations. | 

fishy werainitawace: 1 uSsteCesclibedmpysVOnNCC Glos 2) 
who found it in-egqgs laid=by Rhode=island Red hens. | Later 
Vondell (1948) also found similar egg taints in eggs from 
New Hampsire hens and Barred Plymouth Rock hens. Vogt 
Sted lel Oo ee LepOL Leds Olmcit unusual odor in white shelled 
eggs with as little as 8% RSM in the diet. 

Hobson-Frohock et al. (1973) was the first to report 
that the fishy odor resulting from the inclusion of RSM 
in the ration of layers was due to the presence of tri- 


methylamine (TMA). That the incorporation of RSM in the 
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laying diets increased the incidence of 'fishy' eggs and 
that the incidence increased as the level of RSM in the 
diet increased was shown by Overfield and Elson (1975). 
PoatersHebsonatrOnocksetua lian) 9/75 )ineponted that fishy ' 
eggs occurred more in brown shelled eggs than in white 
shelledveggs and only a proportion of birds in flocks 
laying brown eggs were affected. They concluded that the 
ability of the bird to metabolize TMA which was responsible 
EOreat lest ishyeodom was genetically controlled. Bolton et 
al. (1976) confirmed the above findings and reported that 
tainting was conditional on the presence in the hen, in 
the heterozygous or homozygous state of an autosomal semi- 
dominant gene that has variable expression depending on 
environmental factors. 

Atepcesenty Gesearchs i smbeingmconducteds tomidenti fy, 
the factor(s) in RSM which is responsible for this problem. 
Once this is known it is possible that plant breeders could 
eliminate it from rapeseed. 

iii. Hemorrhagic liver syndrome 

Feeding of RSM to laying chickens has been restricted 
due to an increased incidence of hemorrhagic liver syndrome 
(HLS) resulting in high mortality rates. Jackson (1969) 
fed varying levels of RSM (0 - 20%) in laying rations and 
found that the main cause of death was hemorrhage of the 
liver. Hall (1972) reported on severe losses in heavy 


breeds of chicken due to hepatic hemorrhages. It was 
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suggested that the hemorrhages were caused by lysis of the 
reticular substance of the liver by unknown toxins which 
weakened the structural strength of the liver. He also 
suggested that the hemorrhages probably occurred along 
with the transitory rise in blood pressure that occurs 
when a bird is about to lay an egg. It was concluded that 
the use of RSM was associated with the occurrence of HLS. 
Similar observations were also made by Hall (1974) and 
Miatas hl) COme tea lem Lo 75 )e. 

Hill and Marangos (1974) observed that mortality due 
LOgbDosWaseiiGhe mat netoOsesb1 rds fed Beenapussrathersthan 
Be campestris type RSM. Although the OZT content of B. 
napus meal was-higher than that of B. campestris meal, 
HiUSecouLdenGtebe attra buceam to O77 6s ince Bwajunceasmeal 
which has no OZT caused a higher incidence of HLS. March 
Clad me Lo) mango LOMUse Cea li. (1975), also observed 
increased mortality from HLS in layers fed high levels of 
RSM. 

Clandinanvetval) (1974, 91977) demonstrated stharyin 
addition to level of RSM in the ration, the incidence of 
HLS and level of mortality was influenced by the strain 
or breed of chicken used. Slinger (1976a) made similar 
observations and reported that Hyline 934E birds. were 
more susceptible to this condition than the Shaver Star- 
cross 288 birds. Ina later study Slinger (L976b) ere= 


ported that Hyline W-36 birds were not as susceptible to 
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this condition as the Hyline 934E birds had been. 
C. Use of Rapeseed Meal in Rations for Broilers 
1. Level of usage 

Some variability in recommended maximum levels of 
usage of RSM have been observed. Inclusion of very high 
TevelseoriRoM in broiler diets (Vogt et al, 1967;" Vogt 
and Schubert, 1969) resulted in reduced weight gain and 
decreased efficiency of feed utilization. They recommended 
that not more than 10-12% of RSM be included in diets of 
broiler chickens. The results of other studies (Clandinin 
and Robblee, 1966; Clandinin et al., 1972) suggested that 
Vevels of RSM as high as 15% of the ration may be included 
in broiler rations as a replacement for SBM. Although 
thyroid to body weight ratios were slightly higher in the 
chickens fed RSM containing rations than in those fed the 
SBM control ration, the growth and feed conversion of 
chickens were not affected by the use of RSM. 

When the dietary level of energy and protein were 
controlled Nakaya et al. (1968) reported that a 10-20% 
level of RSM could be used as a replacement for SBM in 
broiler finisher diets. Recently Marangos et al. (1974) 
concluded that 10% or possibly more RSM could be included 
in broiler rations without significant depression of 
growth rate. 

The advent of the new low glucosinolate varieties of 
RSM may lead to some modification in recommended levels of 


usage. Clandinin et al. (1976) observed that up to 20% 
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RSM from the low glucosinolate variety, Tower, may be 
included in rations of broilers without affecting their 
body weight or feed conversion. In studies involving 
comparisons of high glucosinolate RSM (Span) and low 
glucosSinolate RSM (1788) Slinger (1976b) found that levels 
as high as 20% and 40% of the low glucosinolate RSM could 
be used in chick rations without affecting growth or feed 
conversion adversely or increasing the size of the thyroid 
glands appreciably over the size of the thyroid glands of 
those chickens fed rations based on SBM. These results 
suggest the feasability of using high levels of commer- 
cially available low glucosinolate type RSM in rations 
for broilers. 

2. Problems associated with usage of Rapeseed meal 

iveeecOlevogeni ety 

Goitrogenic properties attributable to components of 
RSM were first reported by Kennedy and Purves (1941) ina 
study with young rats. Enlarged thyroids occurred even 
though the diet contained an adequate level of iodine. 
Other studies indicated that some alleviation of the problem 
could be attained by supplementing the diets with higher 
levels of potassium iodide (Purves, 1943; Allen and Dow, 
LO52)e, Ore bye inclusion: Ofmiodinatedacascing(Blakelyeand 
Anderson 1948; Kratzer et al., 1954). Dow and Allen (1954) 
concluded that provided sufficient iodide was present RSM 


could be substituted for SBM in broiler rations. 
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Several authors have studied the effect of goitrogens 
Vivo linnves (lurner ae IA GLIA SrmePetite et ali ,elo44; 
Clandinin and Bayley, 1960). OZzT one of the hydrolytic 
products of glucosinolates in RSM has been found to be 
mainly responsible for the enlarged thyroid (Astwood et al., 
eo 4 Ome and Vel nee tema t ae 5o) seem andinin, Gly ales (1966) 
noted that when synthetic OZT was,fed to the chicks the 
initial uptake of iodine was greatly reduced and colloid 
stores in the thyroid glands were depleted. This was 
followed by hypertrophy and hyperplasia of the gland and 
increased iodine uptake. A physiological equilibrium was 
reached at increased thyroid to body weight ratios after 
the chickens had received OZT for 25 days. Yoshida et al. 
(1969) noted a similar biological equilibrium of thyroid 
to body weight ratio by 4 weeks on Canadian meals, but this 
was not true of meals produced in Japan. 

ii. Perosis 

AeSeGrrOuSsDEODLeMmineLeerimgebLOllers, m= lass DeehmLnic 
Occurrence of perosis. There is some evidence that the 
use of RSM in rations may result in some increase in 
incidence of the disorder. Holmes and Roberts (1963) 
noted that when rapeseed extract was fed to growing chickens 
there was considerable leg deformity which was reduced by 
the addition of vitamins and minerals. He concluded that 
whether or not a high incidence of perosis was due to 
goitrogen in RSM was still unknown. Seth and Clandinin 


(197 3sbiginearustudy on the incidence of perosis on RSM 
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diets showed that increasing levels of manganese in the 
ration did not decrease the incidence of perosis in broiler 
chickens. They also noted a higher incidence of perosis 

in the males than females. The difference noted may have 
been due to higher body weight in males as compared to 
females which in turn caused greater load on the leg joint 
and thus may have tended to cause the Achilles tendon to 
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EXPERIMENTS AT THE UNIVERSITY OF ALBERTA 


Experiments were conducted to study: 


Section I: Effects of low and high glucosinolate rape- 
seed meals on ene productive performance, 
egg quality, composition of liver and inci- 
dence of hemorrhagic liver syndrome in laying 


basds 


Section II: Effects of low glucosinolate rapeseed meals 


On performance in broiler chickens 
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SECTION I 
The effects of low and high glucosinolate rapeseed meals 
on the productive performance, egg quality, composition 
of liver and incidence of hemorrhagic liver syndrome in 
laying birds 
Status of the Problem 

In recent years, the growing of rapeseed in Canada 
has expanded rapidly. Today, Canada is the major exporter 
of this oil-rich seed. 

Brassica napus (Argentine) rapeseed and Brassica 
campestris (Polish) rapeseed are the two main types of 
rapeseed grown in Canada. Until recently, the varieties 
grown were relatively high in glucosinolate content. 
However, in 1974 Canadian plant breeders (Stefansson and 
Kondra, 1975) released a new variety of B. napus type 
named 'Tower', which contained only about one-eighth as 
much glucosinolates as older Canadian varieties of 
rapeseed. 

Prior to the development of Tower rapeseed nutritionists 
in Canada (Clandinin et al., 1972b) had recommended that 
not more than 5% of RSM from older Canadian varieties be 
used sinerations fonelayingahens= ~Withsthesdevelopment 
of the Tower variety of rapeseed, it seemed possible that 
higher levels of RSM may be used safely in rations for 
laying hens. 

The following experiment was conducted to determine 


the maximum level of 'Tower' RSM that may be used in 
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laying rations without affecting egg production, egg size, 
egg quality and thyroid size adversely. 
Exper imental 

Two experiments were conducted using 1260 Shaver 
Starcross 288 Leghorns. The birds used were raised on 
rations containing no RSM. 

In Experiment I, two replicate groups of 70, 24-week 
old pullets were placed on each of the rations shown in 
Table 1. Experiment II was the same as Experiment I except 
that the number of birds in each replicate was 35. [In 
both experiments birds were housed at a density of 1 bird 
per 0.25 square meters. 

The rations fed (Table 1) contained varying levels of 
low glucosinolate RSM (prepared from the Tower variety of 
rape) and high glucosinolate RSM (prepared from a mixture 
of Midas and Torch varieties of rape). All rations were 
formulated to be isocaloric and isonitrogenous, with 
calculated ME and protein contents of 2584 kcals/kg and 
16.6% respectively, by adjusting the wheat, stabilized fat 
and SBM contents. Feed, water, oyster shell and insoluble 
grit were fed ad libitum. Fourteen hours of light was 
provided daily. The duration of the experiment was 44 
weeks. 

Records were kept of daily egg production, average 
egg weight (from one days collection every week), feed 
consumption and mortality. Birds that died were sent to 


the Provincial Veterinary Laboratory, Edmonton, for 
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autopsy in order to ascertain the cause of death. At 4- 
week intervals, specific gravity and Haugh unit values 
were determined on 30 eggs from each replicate in Experiment 
teandiwes eggs from each replicate in Experiment II, laid 
during one day. 

At the end of the experimental period 4 birds from 
each replicate were selected at random, killed by cervical 
dislocation and weighed individually. Livers, thyroids 
and spleens were removed and their weights were recorded. 
Individual livers were also Booed visually for tat son a 
Sco lemecOmeln tO") mamLa lingo uel sindicatiung famnormal sliver 
and a rating of 5 for a liver that appeared to have a very 
high fat content. Incidence of hematomas in the liver 
was also noted. The livers of the 4 birds from each pen 
were pooled, weighed, frozen and freeze-dried for further 
analysis. 

The freeze-dried livers were weighed and the dry 
matter contents of the fresh livers were calculated. 
Samples of freeze-dried liver were analysed for protein 
(Nexo 125 Mi by fthe ACACM( 19 0)amethod tihesiaticontent 
was determined by digestion of samples of the freeze- 
dreds liverswiltheoNenydrochiloriclacro BEOeEZenOuULS,s ial 
tration jeadmcdryingsand extractionsot ethevaiu—dried 
residue with petroleum ether for 12 hours (AOAC, 1970). 
Samples of Tower RSM and the high glucosinolate RSM used 
were analysed for OZT and ITC content by the method of 


Appelqvist and Josefsson (1967). 
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Average values obtained for replicates were subjected 
to analyses of variance. Significance of difference were 
assessed by applying Duncan's Multiple Range Test (Steel 
eNOS ome eG LOU matetnen 0. 0omlevels of probability. 
Results and Discussion 

The combined results of Experiment I and II are pre- 
SeneCCm@minelabLeces ; moeandeo Mortality. during the 
experiments was very low and showed no treatment effects. 
Deaths were mainly due to a mild outbreak of coccidiosis 
and not @LO HLS. 

The data presented in Table 2 indicate that the low 
glucosinolate meal contained only about one-tenth as much 
glucosinolates as the high glucosinolate meal. This, of 
course, resulted in considerable variation in the gluco- 
Sinolate contents of the rations tested. 

A decrease in hen-housed production (HHP) was 
observed as the level of glucosinolate in the ration 
increased, being lowest when 15% high glucosinolate RSM 
was included in the ration. Although inclusion of low 
glucosinolate RSM in the ration at the 15% level decreased 
HHP the decrease was not significantly different from that 
of the control. Similar observations were recorded with 
Hen-day production (HDP) where lowest production was 
recorded when 10% and 15% high glucosinolate RSM were 
included in the ration, while levels of up to 15% of 


low glucosinolate RSM resulted in HDP values which were 
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Table 2. Potential oxazolidinethione and iso- 
thiocyanate contents of rapeseed meals 
(laying expt) 


Kind of meals 


(Mixture) 
Tower Midas and Torch 
Oxazolidinethione, mg/gt Oo OE 53.6 
Isothiocyanate, mg/g* 0.36 4.31 
Total glucosinolates, mg/g 0.95 9.67 


‘Liberated by hydrolysis of meal with myrosinase. 
Expressed as aglucone. 
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not significantly different from that of the control. 
This is in agreement with the work of Clandinin et al. 
(1976) who showed that a level of 10% of Tower RSM in 
laying rations did not affect HHP adversely. Marangos 
et al.» (1974) reported that feeding increasing levels of 
OZT (supplied by high OZT containing RSM) in laying 
rations resulted in corresponding decreases in egg pro- 
duction. 

Egg weight and egg specific gravity were unaffected 
by treatment but egg Haugh unit values were influenced by 
the level of glucosinolate in the ration. Inclusion of 
UpELOML oom OWsG lUuCOSInNOlatLeskRSMmin, themrabion=d1denot 
affect the egg Haugh unit values but inclusion of 10% and 
15% high glucosinolate RSM in the ration caused a marked 
reduction in egg Haugh unit values. 

While feed conversion was slightly better in the 15% 
low glucosinolate RSM treatment, no practical significance 
can be attached to this as it may have been caused by 
assigning too low an ME value to the low glucosinolate 
RSM (1760 kcals/kg) when the rations were formulated. 
Inclusion of up to 15% low glucosinolate RSM in rations 
did not cause a significant depression in final body 
weight although 10% and 15% high glucosinolate RSM caused 
marked depressions in final body weight. It was also 
observed that as the level of glucosinolate in the RSM 


increased there was a corresponding decrease in the 
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body weight which suggested that the depression in body 
weight was related to the glucosinolate content of the 
ration. 

StattoulcaleanalySismotudatalton thyroid weights of 
the birds fed the three levels of low glucosinolate RSM 
and the control ration showed that the thyroid weights of 
the birds fed low glucosinolate RSM were significantly 
larger than those fed the control ration (Table 4). How- 
ever when thyroid weights of birds fed the control SEAS, 
low glucosinolate and high glucosinolate rations were 
analysed together the thyroid weights of birds fed up to 
15% low glucosinolate RSM were not significantly different 
from that of the control. This was due to almost sevenfold 
increase in size of thyroid weights of birds fed 10% and 
15% high glucosinolate RSM when compared to the thyroid 
weights of birds fed low glucosinolate RSM (Table 3). As 
previously mentioned the high glucosinolate RSM contained 
almost 10 times as much OZT as the low glucosinolate meal 
(Table 2). Marangos and Hill (1976) similarly reported 
that thyroid weights were significantly increased with the 
level of RSM in the diet and that the increase was related 
to the level of OZT in the meal. 

There was no effect of treatment on liver weight and 
spleen weight which is in agreement with Olomu et al. 
(1975) and contrary to the report of Marangos and Hill 
(1976) who indicated that liver weight increased when high 


OZT meals were included in the ration. Composition of the 
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liver and liver fat scores (Table 5) showed no significant 
difference in wet weight, level of dry matter, protein or 
fat and visual fat score between the different treatments. 
Of the 96 birds killed at the end of the experiment only 
3 birds showed hemorrhages in the liver. Of the 3 birds 
with hemorrhages in the liver, 2 were from the birds fed 
15% Tower RSM and 1 from the birds fed 12.5% Tower RSM. 
Summary 

Two experiments were conducted in which duplicate 
groups of Shaver Starcross 288 pullets were fed rations 
containing varying levels of low glucosinolate or high 
glucosinolate RSM for a period of 44 weeks. Records were 
kept of mortality, body weight, egg production, egg weight, 
egg quality and feed consumption. At the end of the exper- 
iment 4 birds from each replicate selected at random, were 
killed and thyroids, livers and spleens were removed and 
weighed. Livers were scored visually for fat and hemorr- 
hagic liver syndrome. Livers were also freeze-dried and 
analyzed for dry matter, protein and fat percentages. 
Results obtained indicated that: 
1. Mortality was low and showed no ration treatment effects. 
ZL nCLUSIOnN OLsup) tor lose ofelow glucosinoLate RoMeane the 

ration did not significantly decrease egg production 

while inclusion of 10% or 15% of high glucosinolate RSM 

in the ration reduced egg production. 
3. Egg weight and egg specific gravity were unaffected by 


ration treatment. Levels of up to 15% low glucosinolate 
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RSM did not affect egg Haugh unit values adversely, 
but, inclusion of 10% or 15% of high glucosinolate 
RSM in the ration resulted in reduced egg Haugh unit 
values. 

4, Inclusion of up to 15% of low glucosinolate RSM in 
the ration did not cause a depression in final body 
weight, however inclusion of 10% or 15% of high glu- 
cosinolate RSM caused marked depression of final 
body weight. 

be Thyroid weights of the birds fed rations containing 
low or high glucosinolate RSM were significantly 
larger than those of birds fed the control ration 
which contained no RSM. Thyroid weights of the birds 
fed rations containing high glucosinolate RSM were 
almost seven times those of the birds fed rations 
containing low glucosinolate RSM. 

Gra Weight of liver and weight of spleen were unaffected 
by ration treatment. The content of dry matter, 
protein and fat in liver was also unaffected by ration 
treatment. Incidence of HLS was negligible. 

iis Feed conversion was poorest with the 15% high gluco- 
sinolate RSM ration while the other ration treatments 
did not show much variation. 

On the basis of the results obtained in this study 


it would appear that up to 15% of low glucosinolate RSM 
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(produced from Tower rapeseed). may be included in laying 
rations without adversely affecting the productive traits 


of the birds. 
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SECTION Il 
Effects of low glucosinolate rapeseed meals on performance 
in broiler chicken 
Status of the Problem 

In numerous studies conducted in Canada it has been 
found that 15% high glucosinolate type RSM may be used in 
broiler rations, as a replacement for SBM (Clandinin (ee als 7 
1972b). Use of higher levels in rations for broilers has 
been found to depress growth and reduce efficiency of feed 
conversion. The adverse effects reported have frequently 
been attributed to the presence of high levels of gluco- 
Sinolates in RSM. 

In 1974, a low glucosinolate variety of rapeseed, 
called Tower, was developed from B. napus rapeseed and 
licensed for growing in Canada (Stefansson and Kondra, 
1975). Studies involving RSM produced from this variety 
of seed showed that broiler rations could contain up to 
20% of Tower RSM without adversely affecting productive 
jen ots lok whl e 

In more recent years there has been a concerted effort 
by rapeseed breeders to develop a yellow seeded type of 
rapeseed. It is known that the yellow seed coat is 
thinner than the brown seed coat and, aS a consequence 
produces RSM of lower fibre content. In addition yellow 
seeded rapeseed produces a RSM that has a pleasing light 
appearance which permits feed formulators greater freedom 


to alter their formulas without visual changes in the 
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finished feeds. A yellow seeded B. campestris cultivar 
C2Y3-1821 (later named Candle) developed by the crossing 
of low glucosinolate B. campestris rapeseed with yellow 
seeded mustard was licensed for growing commercially in 
Canada in 1977 (Downey and Klassen, 1977). Since there 
was a limited amount of information available on the use 
of low glucosinolate RSMs in broiler rations an experiment 
was conducted to compare the performance of broilers fed 
varying levels of meals from Candle and Tower rapeseed. 
Experimental 

Nine hundred and sixty day-old Hubbard broiler chicks 
(480 males and 480 females) were used in the study. The 
chicks were wing-banded and randomly allotted (20 males 
and 20 females) into 24 groups. Each group occupied a 
radiant floor-heated pen 1.5 m x 4.3 m in size. 

Three pens’ of chicks were fed each of the 8 rations 
shown in Table 6. Rations 1 and 8 were control rations 
based on SBM while rations 2 to 4 and 5 to 7, respectively 
contained varying levels of Tower and Candle RSM. All 
rations were designed to be isocaloric and isonitrogenous, 
with calculated ME value of 2875 kcal/kg and protein per- 
CentagepOte 22.0 .— the CalculacedsecalClum,mphOSDhoOmice and 
inorganic phosphorus levels were 1.00, 0.76 and 0.48% res- 
pectively. Samples of the rations were sent to the Soil 
and Feed Testing Laboratory, Alberta Agriculture, Edmonton, 


for protein, calcium and phosphorus analysis. Samples of 
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the Tower and Candle RSM used in the rations were analysed 
for potential OZT and ITC by the method of Appelqvist and 
Josefsson (1967). 

Feed and water were supplied ad libitum. MTwenty-four 
hours of light was provided during the first 3 days of 
brooding and 16 hours of light per day thereafter. The 
duration of the experiment was 8 weeks. 

Daily records of mortality were kept. The birds were 
weighed individually at 4 and 8 weeks of age and group 
weights were recorded at 6 weeks of age. A record of feed 
consumption at 4,6 and 8 weeks was kept and feed/gain 
ratios were calculated. Incidence of perosis in each 
group at 4, 6 and 8 weeks of age was recorded. 

Atechez end or thevexperiment, 8 birds from each pen, 
consisting of 4 males and 4 females were killed by cervical 
dislocation and thyroids were removed and weighed. Thyroid 
to body weight ratios were calculated. Incidence of 
fatty and hemorrhagic liver was also noted. 

The data obtained were subjected to analyses of 
variance. Significance of difference was assessed by 
applying Duncan's Multiple Range Test (Steel and Torrie, 
POO Mateliece O05 levelmoreprobabilaty « 

Results and Discussion 

Results of analysis of the Tower and Candle RSMs for 
potential OZT and ITC (Table 7) indicated that the low 
glucosinolate meals contained approximately one-tenth 


as much glucosinolate as reported by Bell and Jeffers 
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Table 7. Potential oxazolidinethione and 
isothiocyanate contents of rape- 


seed meals (broiler expt) 


Kind of meals 





Tower Candle 
Oxazolidinethione, mg/g* 0.78 O53 
Tsothiocyanate, mg /g* O37) Wi, ea 
Total glucosinolates, mg/g 105 0.84 


1, iberated by hydrolysis of meal with myrosinase. 
Expressed as aglucone. 
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(1976) to be present in Canadian high glucosinolate type 
RSM. The data also indicated that Candle RSM was somewhat 
lower in glucosinolates than Tower RSM. This is under- 
standable, since Candle is a B. campestris type rapeseed 
While plowerm sma ebemnaplsmteypenrapesecd.— aln general, 
Beebe st i savalltecl  oomtLClUmcOmiaves Lowers | cvelssoretotal 
glucosinolates sthan Beosnapus varieties (Bell and Jeffers, 
oT One. 

The performance of the birds on the different treat- 
ments at 4, 6 and 8 weeks of age is summarized in Table 8. 

The rate of growth of the broilers was not affected 
by the levels of RSM used. Average body weights of the 
groups receiving 10, 20 or 30% of either Tower or Candle 
RSM did not differ significantly at 4, 6 or 8 weeks of 
age from the body weights of the birds fed the control 
ration based on SBM as the source of supplementary protein. 
This is in general agreement with other information on the 
use of low glucosinolate RSMs in broiler rations. Clandinin 
Ctldl 09 /G)Mineasrevicwharticlesreportedathat = slinger 
(unpublished data) had noted that inclusion of 20% of 
low glucosinolate RSM (from Tower rapeseed) in rations for 
broilers had no adverse effects on growth to 4 weeks of 
age and that in their own studies inclusion of 15% of low 
glucosinolate RSM (double zero) likewise had no adverse 
effects on growth to 8 weeks. 


Efficiency of feed utilization was not affected by the 
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treatments used. While minor numerical differences in 
feed conversion were noted, none of the differences proved 
to be significantly different (P<0.05). These results 
suggest that the ration must have been close to being 
isocaloric. The results agree with those of Slinger 
(1976b) who reported no significant differences in feed/gain 
ratios at 4 weeks of age when levels of up to 40% of low 
glucosinolate RSM (1788) were fed to growing chickens. 
Likewise, Clandinin etre leaml976 )S Lound thateinclusion of 
15% of low glucosinolate RSM in rations for broilers had 
no effect on feed conversion at 8 weeks of age. 

Levels of mortality in the groups were generally low. 
Most of the mortality occurred during the 0-4 weeks period. 
While some variability in mortality levels between groups 
was noted there was no significant differences due to 
treatment at 4, 6 or 8 weeks of age. Mortality that was 
observed during the first week of the experiment was caused 
by dehydration of birds. No losses from HLS was noted. 

Incidence of perosis was not significantly affected by 
the treatments used. The occurrence of the disorder, 
however, was higher in the groups fed 20 or 30% low gluco- 
sinolate RSMs as compared to the control or those receiving 
10% low glucosinolate meals. In addition the number of 
birds affected increased between 4 and 8 weeks of age. It 
is possible that higher incidence at 8 weeks of age was 


related to body weight. The importance of body weight as 
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a factor influencing this condition is emphasized by the 
fact that incidence was higher in males than females. This 
observation agrees with the work of Creek eta 960) 

who demonstrated that body weight plays a role in the 
incidence of perosis. It also agrees with the report of 
Seth and Clandinin (1973b) who noted a higher incidence of 
perosis in male than in female broiler chickens which was 
associated with the greater body weight of the males as 
compared to that of the females. 

The addition of varying levels of RSM to broiler 
rations resulted in increased thyroid size. The results 
indicated that thyroid to body weight ratios were lower 
on the control rations than on the treatment groups. 

It waS apparent that as the level of either Tower or Candle 
RSM in the ration was increased, thyroid to body weight 
ratios increased. It was, however observed that corres- 
ponding levels of Candle RSM produced slightly lower thyroid 
to body weight ratios that Similar levels of Tower RSM 
indicating that level of potential OZT in the meals in- 
fluenced the thyroid size. As indicated previously 

(Table 7), Candle RSM has a slightly lower level of potential 
OZT than Tower RSM. The thyroid to body weight ratio of 

the birds fed 30% Candle RSM was similar to the thyroid 

to body weight ratio of the birds fed 20% Tower RSM and 
slightly smaller than that of birds fed 30% Tower RSM, 
although these differences did not prove to be significant 


at P<0.05 level. 
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No evidence of fatty liver or HLS was noted in any 
of the birds examined. Appearance of the livers from 
broilers fed the various levels of Tower or Candle RSMs 
was similar to that noted in the controls. 

Summary 

Triplicate groups of 20 male and 20 female day-old 
Hubbard broiler chicks were fed rations containing 0, 10, 
20 and 30% of low glucosinolate RSMs (prepared from Tower 
and Candle rapeseed). The rations were formulated to be 
isocaloric and isonitrogenous. Records were kept on 
mortality, body weight, feed conversion and incidence of 
perosis. Thyroid size, incidence of fatty liver syndrome 
and HUS at) 8=weeks were also recorded. The results ob= 
tained indicated that: 
ihn Pnclus Ono GMNpEtLOmS OSmOLM Lows gd LucosinolaLcesmeals 

in broiler rations resulted in weight gains equivalent 

EOntLnose Ob birds ted a SBM control ration. 

2% Efficiency of feed utilization was not affected by 
any of the treatments at 4, 6 or 8 weeks of age. 

3% Mortality was low throughout the experiment and was 
not influenced by the treatments used. 

4. The incidence of perosis was higher in birds fed 
rations containing the higher levels of RSMs. In- 
cidence also tended to increase with increasing age of 


thes bind. 
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Sir Thyroid to body weight ratios of birds fed RSM 
increased compared to the controls as the level of 
RSM in the rations was increased. 

Or No incidence of fatty or hemorrhagic liver syndrome 
was noted. 
PieScecmre sl Esomougdes mt lated cerlcastmcUSeOt st OWsg1uCco— 

Sinolate RSM prepared from Tower or Candle rapeseed may 

be used in broiler rations without affecting productive 


performance. 
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